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DETAILED ACTION 

1 . Claims 1-33 are pending. 

Information Disclosure Statement 

2. The information disclosure statements (IDS) submitted on July 19, 2004, 
December 19,2005, January 8, 2006 and January 31, 2006 were filed before First Office 
Action. The submission is in compliance with the provisions of 37 CFR 1.97. 
Accordingly, the information disclosure statement is being considered by the examiner. 

Claim Rejections ~ 35 USC §112 

3. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 1-13 are rejected under 35 U.S.C. 112, second paragraph, as being 
incomplete for omitting essential steps, such omission amounting to a gap between the 
steps. See MPEP §2172.01. Claim 1, omits all method steps. 

4. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 1-13 are rejected under 35 U.S.C. 112, first paragraph, as based on a 
disclosure which is not enabling. Method steps critical or essential to the practice of the 
invention, but not included in the claim(s) is not enabled by the disclosure. See In re 
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Mayhew, 527 F.2d 1229, 188 USPQ 356 (CCPA 1976), Method (implementation) steps 
are critical to the implementation of an invention and claim 1 does not provide method 
steps. 

Claim Rejections - 35 USC § 101 

5. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and usefijl improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

the claimed invention is directed to non-statutory subject matter. 

Claim 1 recites "An implementation of a key-value dictionary shared object for which all 
concurrent executions of insert-type and delete-type operations thereon are linearizable 
and lock-free". The claim does not provide methods steps and therefore does not 
provide useful, concrete and tangible results. 

Claim Rejections - 35 USC § 102 

6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b)the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claim 1 is rejected under 35 U.S.C. 102(b) as being anticipated by US 
7,117,502 issued to Timothy L. Harris ("Harris"). 

As per claim 1 Harris anticipates: 
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An implementation of a key-value dictionary shared object for which all concurrent 
executions of insert-type and delete-type operations thereon are linearizable and lock- 
free (column 2, lines 29-43 and column 4, lines 65 to column 5, lines 33, concurrent 
processes, non-blocking (lock-free) and linearizable, supports insert and delete 
operations ) . 

Claim Rejections - 35 USC § 103 

7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 



Application/Control Number: 10/653,828 Page 5 

Art Unit: 2167 

Claims 2-13 , are rejected under 35 U.S.C. 103(a) as being unpatentable 
over US 7,117,502 issued to Timothy L Harris ("Harris") in view of "Skip Lists: A 
Probabilistic Alternative to Balanced Trees" by William Pugh ("Pugh"). 
As per claim 2 same as claim arguments above Harris does not explicitly teach 
organized as a skip-list-type data structure with associated functional encodings of 
insert-type and delete-type operations ... Pugh does teach this limitation (page 1, 
section Skip Lists and Figure 1, as skip list data structures and page 2 section Insertion 
and Deletion Algorithms, as insert and delete nodes) to provide space efficiency and 
speed improvement. It would have been obvious to one of ordinary skill in the art at the 
time of the invention to modify Harris with organized as a skip-list-type data structure 
with associated functional encodings of insert-type and delete-type operations to 
provide space efficiency and speed improvement (page 1, third paragraph). 

As per claim 3 same as claim arguments above and Pugh teaches: 
wherein the skip-list-type data structure includes: 
plural nodes (Figure 1); and 

at least two referencing chains including a first-level referencing chain that 
traverses the nodes in accordance with an ordering thereof and an Nth- 
level referencing chain that traverses at least a subset of the nodes in 
accordance with the ordering (Figure 1 , element b includes a first level which points to 
each node (head->3->6->7->9) and Nth-level which points to a subset (head->6->9- 
>19->). 
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As per claim 4 same as claim arguments above and Pugh teaches: 
wherein a dead pointer indication is employed to mark a node in process of 
being excised from the skip-list-type data structure (page 2, Section Insertion and 
Deletion lines 2-7, update contains the pointer and Figures 3-4) . 
As per claim 5 same as claim arguments above and Pugh teaches: 
wherein the dead pointer indication includes one of: a self pointer, a pointer to a dead 
node and a back pointer (page 2, Section Insertion and Deletion lines 2-7, update 
contains the pointer and Figures 3-4). 

As per claim 6 same as claim arguments above and Pugh teaches: 
wherein, for the insert-type operations, the employed linearizable 
synchronization operations include a single-target synchronization 
primitive employed to introduce a new node into a first-level referencing chain of the 
skip-list-type data structure (Figure 3 and lines 1-20 of Figure 4, insertion into a Skip list, 
17 is inserted into the Skip List which include referencing chains). 

As per claim 7 same as claim arguments above and Harris teaches: 
a double-target synchronization primitive employed to update an existing node with a 
new value (column 3, lines 5-10,as CAP (Compare and Swap operations)). 

As per claim 8 same as claim arguments above Pugh teaches: 
wherein, for the insert-type operations, the employed linearizable 
synchronization operations include a double-target synchronization primitive employed 
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to introduce a new node into an Nth-level referencing chain of the skip-list-type data 
structure, wherein Nth-level is greater than first-level( Figure 3 and lines 1-20 of Figure 
4, insertion into a Skip list, 17 is inserted into the Skip List which include referencing 
chains). 

As per claim 9 same as claim arguments above and Pugh teaches: 
wherein, for the delete-type operations, the employed linearizable 
synchronization operations include a double-target synchronization primitive 
employed to excise a node from a referencing chain of the skip-list-type data structure 
(lines 21-36 of Figure 4, delete operation on a node). 

As per claim 10 same as claim arguments above and Pugh teaches: 

a definition of a node instantiable in shared memory to represent a key-value pair(page 

1, Section Skip List Algorithm lines 1-4, key value). 

As per claim 11 same as claim arguments above and Pugh teaches: 
wherein values in the key-value dictionary shared object include literal 
encodings of values (page 1, Section Skip List Algorithm lines 1-4, key value). 

As per claim 12 same as claim arguments above and Pugh teaches: 

wherein values in the key-value ... shared object include references to a literal value or 

data structure (page 1, Section Skip List Algorithm lines 1-4, key value). 
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As per claim 13 same as claim arguments above and Harris teaches: 
wherein the concurrent executions are mediated by compare-and-swap (CAS) 
and double-compare-and-swap operations (column 3, lines 5-10, CAS). 

Claims 14-33 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over "Skip Lists: A Probabilistic Alternative to Balanced Trees" by William Pugh , 
herein after ("Pugh") in view of US 7,117,502 issued to Timothy L. Harris 
("Harris"). 

As per claim 14 Pugh teaches: 

instantiating nodes of the shared data structure in memory, wherein plural 
levels of same-direction referencing chains traverse respective subsets of the nodes in 
accordance with a key ordering relationship thereof, a first-level of the referencing 
chains traversing each node of the shared data structure and at least one other level of 
the referencing chains traversing less than all nodes of the shared data structure(Figure 
1 , element b includes a first level which points to each node (head->3->6->7->9) and 
Nth-level which points to a subset (head->6->9->19->). 

Pugh does not explicitly teach operating on the shared data structure using insert- 
type and delete-type operations that are linearizable and lock-free for all concurrent 
executions thereof . Harris does teach this limitation at (column 2, lines 29-43 and 
column 4, lines 65 to column 5, lines 33, concurrent processes, non-blocking (lock-free) 
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and linearizable, supports insert and delete operations ) to lower contention and 
increase concurrency. It would have been obvious to one of ordinary skill in the art to 
modify Pugh with operating on the shared data structure using insert-type and delete- 
type operations that are linearizable and lock-free for all concurrent executions thereof 
to lower contention and increase concurrency (abstract , lines 8-9). 

As per claim 15 same as claim arguments above Pugh teaches: 
wherein the insert-type operation performs a synchronized update of pointers 
beginning at the first level thereof and continuing upward (see Figure 1 , insert operation 
and pointers); 

wherein the delete-type operation performs a synchronized update of pointers 
beginning at a Kth level thereof and continuing downward to the first level (see page 2, 
Section Insertion and Deletion Algorithms, updating pointers). 

As per claim 16 same as claim arguments above Pugh teaches: 

wherein the insert-type operation performs a synchronized update of pointers 

in accordance with a first succession of the levels(see Figure 1 , insert operation and 

pointers); 

and wherein the delete-type operation performs a synchronized update of pointers 
in accordance with a second succession of the levels, the second 
succession opposing the first succession(see page 2, Section Insertion and Deletion 
Algorithms, updating pointers). 
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As per claim 17 same as claim arguments above Pugh teaches: 
for a given one of the nodes instantiated, dynamically selecting a number of 
the plural, same-direction referencing chains that traverse the given node (Figure 2, Skip 
List search algorithm). 

As per claim 18 same as claim arguments above Pugh teaches: 
wherein the shared data structure implements a dictionary (page 1 , Skip List Section 
.lines 1-2, dictionary). 

As per claim 19 same as claim arguments above Pugh teaches: 
wherein values are associated with respective ones of the keys, the method further 
as part of an execution of the insert-type operation introducing a value into the 
shared data structure(see Figure 3, node 17 is inserted); 

and as part of an execution of the delete-type operation removing a value from the 
shared data structure the removed value corresponding to a search key (page 2, 
section Insertion and Deletion , delete type operation). 
As per claim 20 same as claim arguments above Pugh teaches: 
wherein the correspondence includes a greater-than-or-equal-to key match 
criterion ( page 2, Figure 2, Skip List search algorithm, searchkey) 
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As per claim 21 Pugh teaches: 

plural levels of same-direction referencing chains that traverse respective 
subsets of the nodes in accordance with a key ordering relationship 
thereof, a first of the referencing chains traversing each node of the 
shared data structure and a second of the referencing chains traversing 
less than all nodes of the shared data structure( Figure 1, element b includes a first level 
which points to each node (head->3->6->7->9) and Nth-level which points to a subset 
(head->6->9->19->). 

Pugh does not teach plural nodes and a functional encoding of linearizable 
operations on the shared object, wherein the linearizable operations include both insert- 
type and remove-type operations and are lock-free for all concurrent executions thereof. 
Harris does teach this limitation at (Figure 3, column 2, lines 29-43 and column 4, lines 
65 to column 5, lines 33, concurrent processes, non-blocking (lock-free) and 
linearizable, supports insert and delete operations ) to lower contention and increase 
concurrency. It would have been obvious to one of ordinary skill in the art to modify 
Pugh with plural nodes and a functional encoding of linearizable operations on the 
shared object, wherein the linearizable operations include both insert-type and remove- 
type operations and are lock-free for all concurrent executions thereof to lower 
contention and increase concurrency (abstract , lines 8-9). 
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As per claim 22 same as claim arguments above Pugh teaches: 
wherein, on at least some executions, the insert-type introduces an additional 
node into at least one of the referencing chains (see Figure 3, node 17 is inserted). 
As per claim 23 same as claim arguments above Pugh teaches: 
wherein, on at least some executions, the delete-type operation excises a 
particular node from all referencing chains that traverse the particular node (lines 21-36 
of Figure 4 and page 2, Section Insertion and Deletion, delete type operation). 
As per claim 24 same as claim arguments above Pugh teaches: 
wherein the delete-type operation employs a greater-than-or-equal-to key 
match criterion (lines 1-4 of Figure 4, delete operation). 
As per claim 25 same as claim arguments above Pugh teaches: 
wherein the shared object implements a shared skip-list-type data structure (page 1 , 
Section Skip List , skip list data structure). 
As per claim 26 same as claim arguments above Pugh teaches: 
wherein the shared object implements a dictionary data structure (page 1, Skip List 
Algorithm , dictionary structure). 
As per claim 27 Pugh teaches: 

In a computational system that employs a shared list-type data structure that includes 
plural nodes and plural levels of referencing chains that traverse respective ones of the 
nodes in accordance with an ordering thereof, wherein a higher-level one of the 
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referencing chains traverses no more than a subset of the nodes traversed by a lower- 
level one of the referencing chains(Figure 1, element b includes a first level which points 
to each node (head->3->6->7->9) and Nth-level which points to a subset (head->6->9- 
>19->); 

deleting a node from the shared list-type data structure by excising the node 

from successive ones of the referencing chains, beginning with a highest-level one of 

the referencing chains that traverses the node and continuing through a lowest-level 

one of the referencing chains, wherein each such excision employs a linearizable 

synchronization operation to bridge the excised node and associate a dead pointer 

indication therewith (lines 21-38 of Figure 4, delete node and Section Insertion and 

Deletion Algorithm of page 2, update contains pointer) ; 

inserting a node into the shared list-type data structure by introducing the 

inserted node into one or more of the referencing chains, beginning with the lowest-level 

referencing chains and continuing through successive zero or more higher-level 

referencing chains (Figure 3, Inserting node). 

Pugh does not explicitly teach facilitating lock-free concurrent operations on the 
shared list-type data structure. Harris does teach this limitation (column 2, lines 29-43 
and column 4, lines 65 to column 5, lines 33, concurrent processes, non-blocking (lock- 
free) and linearizable, supports insert and delete operations ) to lower contention and 
increase concurrency. It would have been obvious to one of ordinary skill in the art to 
modify Pugh with teach facilitating lock-free concurrent operations on the shared list- 
type data structure to lower contention and increase concurrency (abstract , lines 8-9). 
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As per claim 28 same as claim arguments above Harris teaches: 
wherein all concurrent executions of the deleting and the inserting are 
linearizable and lock-free( column 2, lines 29-43 and column 4, lines 65 to column 5, 
lines 33, concurrent processes, non-blocking (lock-free) and linearizable, supports 
insert and delete operations ) . 

As per claim 29 same as claim arguments above Pugh teaches: 
wherein the dead pointer indication includes one: a self pointer, a pointer to a dead 
node, a back pointer (page 2, Section Insertion and Deletion lines 2-7, update contains 
the pointer and Figures 3-4). 

As per independent claim 30 Pugh teaches: 

defining a shared list-type data structure that includes plural nodes and plural 
levels of same direction referencing chains that traverse at least some of the nodes in 
accordance with an ordering thereof, wherein a higher-level one of the referencing 
chains traverses no more than a subset of the' nodes traversed by a lower-level one of 
the referencing chains(Figure 1 , element b includes a first level which points to each 
node (head->3->6->7->9) and Nth-level which points to a subset (head->6->9->19->). 

Pugh does not explicitly teach inserting into, and deleting from, the shared list- 
type data structure, wherein all concurrent executions of the deleting and the inserting 
are linearizable and lock-free. Harris does teach this limitation at (column 2, lines 29-43 
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and column 4, lines 65 to column 5, lines 33, concurrent processes, non-blocking (lock- 
free) and linearizable, supports insert and delete operations ) to lower contention and 
increase concurrency. It would have been obvious to one of ordinary skill in the art at 
the time of the invention to modify Pugh with inserting into, and deleting from, the 
shared list-type data structure, wherein all concurrent executions of the deleting and the 
inserting are linearizable and lock-free to lower contention and increase concurrency 
(abstract). 

As per claim 31 same as claim arguments above Pugh teaches: 
a definition of a skip list instantiable in storage (page 1, section Skip Lists and Figure 1, 
as skip list data structures and page and page 2 section Insertion and Deletion 
Algorithms, as insert and delete nodes). 

Pugh does not explicitly teach lock-free means for coordinating concurrent and 
linearizable executions of both insert-type and delete-type operations. Harris does teach 
this limitation at (column 2, lines 29-43 and column 4, lines 65 to column 5, lines 33, 
concurrent processes, non-blocking (lock-free) and linearizable, supports insert and 
delete operations ) to lower contention and increase concurrency. It would have been 
obvious to one of ordinary skill in the art at the time of the invention to modify Pugh with 
lock-free means for coordinating concurrent and linearizable executions of both insert- 
type and delete-type operations to lower contention and increase concurrency 
(Abstract). 
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As per claim 32 same as claim arguments above Harris teaches: the storage (Figure 1 , 
element 103, memory). 

As per claim 33 same as claim arguments above Harris teaches. 

plural processors, the insert-type and delete-type operations executable thereon (Figure 

1 , element 1 01 : processors). 
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